Inconsistent evidence exists regarding the association between work-related factors and risk of multiple sclerosis (MS). We examined the association between occupational exposures and risk of a first clinical diagnosis of central nervous system demyelination (FCD), which is strongly associated with progression to MS, in a matched case-control study of 276 FCD cases and 538 controls conducted in Australia (2003Australia ( -2006. Using a personal residence and work calendar, information on occupational history and exposure to chemicals and animals was collected through face-to-face interviews. Few case-control differences were noted. Fewer cases had worked as professionals (≥6 years) than controls (adjusted odds ratio (AOR) = 0.60, 95% confidence interval (CI): 0.37, 0.96). After further adjustment for number of children, cases were more likely to have ever been exposed to livestock than controls (AOR = 1.54, 95% CI: 1.03, 2.29). Among women, there was an increase in FCD risk associated with 10 or more years of exposure to livestock (AOR = 2.78, 95% CI: 1.22, 6.33) or 6 or more years of farming (AOR = 2.00, 95% CI: 1.23, 3.25; also adjusted for number of children). Similar findings were not evident among men. Thus, farming and exposure to livestock may be important factors in the development of FCD among women, with this finding further revealed after the confounding effect of parity or number of children is considered.
The causes of multiple sclerosis (MS) remain unknown, but associations with environmental exposures (such as sun exposure (1) , vitamin D (1), and smoking (2)), including infectious agents (e.g., infectious mononucleosis (3)) and genetic factors (4, 5) , are reported. Females are affected at least twice as often as males (6) and are at greater risk if they are childless (7, 8) . A latitudinal gradient in incidence (9) (10) (11) , prevalence (12) , and mortality (13) is well recognized, with MS being more common in regions further from the equator.
To date, only a few work-related factors, such as exposure to organic solvents (14) (15) (16) , metals (17) , ionizing radiation (18) , and farm animals (sheep (16) , horses (19) , pigs (20) , etc.), have been suggested as potential risk factors for developing MS. However, results are inconsistent, with research groups reporting no association with occupation (21) or organic solvents (22) or associations being restricted to either women (e.g., dogs, caged birds) (23) or men (organic solvents, welding, occupational exposure to cats or dogs) (20) .
Using data from a large population-based case-control study, we aimed to investigate whether occupational exposures are associated with the risk of early central nervous system demyelination. A first clinical diagnosis of central nervous system demyelination (referred to here as FCD) is associated with a significant risk of progression to the development of clinically definite MS; 83% of people with FCD and an abnormal magnetic resonance imaging (MRI) scan develop MS within 10 years (24) . In this study, we investigated the risk of FCD according to occupational exposure.
MATERIALS AND METHODS
The Australian Multi-centre Study of Environment and Immune Function (Ausimmune), an incident case-control study, has been described previously (25) . Briefly, study participants were enrolled from 4 regions of Australia: Brisbane (latitude 27°S), Newcastle (33°S), Geelong (37°S), and the island of Tasmania (43°S).
Study participants
Participants were aged 18-59 years and resided within a study region during November 2003-December 2006. Eligible cases had an incident first clinical diagnosis of central nervous system demyelination within the study period. Cases were sourced from a population base via a 2-tier notification system, utilizing both clinicians and radiology practices; case eligibility was then reviewed by study neurologists after notification to the study. The study neurologist group categorized eligible cases with an FCD as having 1) a classic first demyelinating event (FDE), 2) primary progressive MS, or 3) a possible undiagnosed historical demyelinating event (before the study period). Of 330 cases notified to the Ausimmune Study, 19 (5.8%) were ruled ineligible and 29 (8.7%) refused to participate. The study included 282 participating eligible FCD cases ( participation rate = 91%): 216 of these had an FCD consisting of a distinct FDE during the study period without a prior possible event (subsequently referred to as the FDE group), 18 had a new diagnosis of primary progressive MS, and the remainder had had a possible undiagnosed historical event (n = 48).
Controls (randomly selected from the Australian Electoral Roll) were matched to cases' age (within 2 years), sex, and study region (1) . Of 1,118 controls initially selected, 937 were successfully contacted (84%), and 558 (60% of those invited and eligible to participate) were matched to an eligible FCD case and included in the study. Case:control matching was varied by study region (1:1 case-control matching in Tasmania, 1:3 in Geelong, 1:3 in Newcastle, and 1:2 in Brisbane) according to the estimated incidence of FCD and the size of the source population. Every case included in these analyses had at least 1 matched control.
Measurements
Data were collected from self-completed questionnaires, a face-to-face interview, and biological sampling. A neurological assessment confirmed the date and symptomatology of the first demyelinating episode (11) . Participants were mailed a personal residence and work calendar to assist with the recall of relevant events. During a subsequent faceto-face structured interview, a trained research officer collected information on a wide variety of topics, including occupational history. Information was gathered on each job (if any) held by the subject each year since the teenage years, including type of job and employer. Participants were also asked to describe the occupation they had had the longest (major groups were used, e.g., professional, clerk, farmer). Information on specific exposure to chemicals ( paints, petroleum products, organic solvents, pesticides, etc.) via hobbies, work, or other family members (childhood exposure via a family member) was collected. If participants reported exposure to any chemical, they were then asked about the average length of time the exposure had lasted (in years or months). Information on exposure to animals (farm animals or pets) was also collected using the personal residence and work calendar. Information was collected about specific animals (dogs, cats, cows, pigs, etc.). Exposure to cows, horses, donkeys, sheep, pigs, and ≥50 birds was also grouped and referred to as livestock.
Other relevant data included history of time in the sun on weekends and holidays, smoking history, past history of infectious mononucleosis, highest educational level, usual physical activity, number of children (including adopted children and stepchildren), parity (for women only; number of liveborn children), dietary intake (via a food frequency questionnaire), and use of supplements containing vitamin D (1).
Data analysis
The Statistical Package for the Social Sciences, version 17.0 (SPSS, Inc., Chicago, Illinois), was used for data analysis. Odds ratios (adjusted odds ratios unless otherwise specified) and 95% confidence intervals were calculated using conditional logistic regression analyses with adjustment for covariates that were potential confounders, as listed in the tables (the only exception is clearly labeled). In particular, previous work has demonstrated an association between lower sun exposure, lower vitamin D status (serum 25-hydroxyvitamin D level) (1), a history of infectious mononucleosis (1), and lower parity/number of children (women only (7)) and increased risk of being an FCD case. Casecontrol matching ratios varied by region. No residual confounding was evident if results were further adjusted for study region beyond the matched analysis.
Statistical significance was defined as P < 0.05. The statistical power of the study was greater for the evaluation of environmental associations with FCD than FDE, using matched controls. For example, the study had 80% power at the 5% level of significance to detect the following odds ratios with an exposure prevalence of 20% or 40%, respectively: FCD, odds ratio ≥ 1.63 and odds ratio ≥ 1.56; FDE, odds ratio ≥ 1.80 and odds ratio ≥ 1.63.
Ethical clearances
The study was approved by 9 regional human research ethics committees. All participants gave written informed consent.
RESULTS
Complete data, including information on occupational exposures, were available for 276 cases (211 true FDE) and 538 matched controls (392 matched to FDE cases). Analysis was conducted for all cases (FCD) and the subgroup of FDE cases. Because results were very similar, here we present the data for all cases only. The mean age of cases was 39 years (standard deviation, 9.6), and that of controls was 40 years (standard deviation, 9.8). Participants were mostly female (approximately three-quarters of cases and controls) and white, and they reported their highest level of education as "at least completed year 12" (75% of cases and 69% of controls) ( Table 1) . With regard to physical activity, cases were similar to controls.
Overall study sample
The occupation participants reported having had for the longest amount of time is presented in Table 1 , and the detailed occupational exposures collected from the work-and-residence calendar are presented in Table 2 . The majority of occupations were not associated with an altered likelihood of being an FCD case. Cases were underrepresented in the occupational group of participants who had worked as professionals for 6 years or more (compared with controls), and there was a nonsignificant increased risk of FCD among those who were managers for 1-5 years (Table 2) .
There was a nonsignificant doubling in risk of FCD for those exposed to long-term (≥6 years) farming (Table 2) . There was no evidence of any change in risk associated with exposure to selected chemicals (including petroleum products, organic solvents, and pesticides) or other occupational exposures (e.g., radioactive radiation or X-rays) ( Table 3 ). There was no significant increase in risk of FCD for those exposed to pets: Odds ratios for ever being exposed versus never being exposed to dogs, cats, birds, cows, horses or donkeys, sheep, reptiles, marsupials, rodents, fish, and pigs ranged from 0.56 to 2.15. The only exception was exposure to livestock: FCD cases were significantly more likely to have ever (vs. never) been exposed to livestock than were controls (adjusted odds ratio (AOR) = 1.54, 95% confidence interval (CI): 1.03, 2.29). The increased odds ratio for livestock was independent of farming; when the odds ratios were further adjusted for farming, the associations persisted (AOR = 1.55, 95% CI: 1.03, 2.33). Compared with controls, there was a higher proportion of cases exposed to certain types of livestock (e.g., cows and sheep), but the results for particular groups of animals were not significant. There was no evidence of a dose response for duration of exposure to animals (never, 1-9 years, or ≥10 years; P trend ranged from 0.16 to 0.99). We examined whether early age of exposure to farming was further associated with increased risk of FCD. Although the results were not statistically significant (data not shown), the analyses were limited by the small numbers of persons who had worked in farming before the age of 20 years.
Farming and organic solvents
A previous report noted the association between farming and exposure to organic solvents (20) . Similarly, within the control population of the Ausimmune Study, farmers were significantly more likely to be exposed to organic solvents than nonfarmers (P = 0.001). However, further adjustment for this factor in our case-control analyses in relation to past occupation as a farmer did not markedly alter the findings.
Farming and number of children
Among all controls, farming was associated with having a higher number of children (any children vs. none; P = 0.026); this was evident for men and for women. Lower education was also associated with having a higher number of children (P < 0.001); this was evident for women (P < 0.001) but not for men (P = 0.32).
Because female sex is associated with MS, and because some occupational exposures have been reported to be associated with MS in women but not in men and vice versa, sex-specific analyses were conducted.
Women only
Analyses restricted to women resulted, in general, in odds ratios similar to those presented in Table 2 (data not shown), with the exception of farming (Table 4) . We therefore further explored the association between being an FCD case and history of occupation as a farmer (Table 4) . Among women, in unadjusted analyses, there was no significant univariate association between farming and FCD. Taking into account adjustment for number of children (a protective factor for FCD (7) that was more common among female farmers) resulted in a statistically significant doubling of the risk of FCD (Table 4) . We then explored the additional effect of exposure to livestock or to solvents by adding them, one at a time, to the model containing the main confounding factors; odds ratios were similar. Adding number of children to these models yielded a modest increase in risk that was statistically significant for the comparison of 6 or more years of farming versus never farming, with exposure to livestock also included in the model (AOR = 3.57, 95% CI: 1.01, 12.65). When the associations between FCD and farming among women were adjusted for parity instead of number of children, results were similar to those presented in Table 4 .
There was a 63% increase in risk of FCD (AOR = 1.63, 95% CI: 1.02, 2.61) for women exposed to livestock. Longterm (≥10 years) exposure to livestock nearly tripled the risk of FCD (AOR = 2.78, 95% CI: 1.22, 6.33). There was no significant association between FCD and pets (data not shown here).
Men only
Results restricted to men were not significant for occupation, animals, and occupational exposure comparisons; however, these results were limited by the small sample size of the male group. In particular, exposure to petroleum products yielded an AOR of 0.64 (95% CI: 0.28, 1.44), while the AOR for solvents was 1.02 (95% CI: 0.47, 2.20) (other data not shown here). Among men only, adjustment for exposure to organic solvents did not alter the (lack of ) association between farming and FCD risk.
DISCUSSION
In this descriptive study, detailed information about occupational exposure across study participants' lifetime was collected, and most occupations were similar for FCD cases and controls. Cases were less likely to have worked as a professional for 6 or more years-an intriguing association that has not previously been identified. Overall, there was an approximate doubling in risk of FCD for those exposed to long-term (≥6 years) farming, but chance could not be ruled out. Importantly, when we took into account the fact that female farmers had higher numbers of children (a possible protective factor for MS (7)), the residual effect of farming was demonstrated to be adverse: There was a marked increase in risk of being an FCD (3-fold increase) case in association with long-term farming. Regarding occupational exposures, only exposure to livestock was significantly associated with increased FCD risk overall, and this was independent of occupation (farming).
Our results and those of other investigators (22, 26) are not consistent with other work indicating that exposure to organic solvents may be a risk factor for developing MS (14, 23). Flodin et al. (23) have reported a positive association between MS and exposure to solvents among men but not women. The proportion of men among FCD cases in our study population was low (about 22%), which is in agreement with previously reported values (27, 28) . However, this limited our power to investigate occupational associations among men. Any excess risk from solvents may have been evident in our study if we had had larger numbers of male participants or a higher prevalence of exposure to solvents among women. Our results also do not support findings that exposure to metals (17) or ionizing radiation (18, 20, 23) increases the risk of MS. However, prevalence of exposure to these was also relatively low in our study population.
Here, farming for 6 or more years was strongly associated with an increased risk of FCD among women. This appeared to be related to exposure to farm animals (livestock) and not pesticides used on farms. Landtblom et al. (20) have argued that occupational exposure to farm animals could be confounded by solvent use among farmers. In our study, farming and solvent use were significantly associated, but adjustment for solvent use in the multivariate analysis did not alter the findings of excess FCD risk with exposure to farm animals. In previous reports, age rather than duration of a particular occupational exposure (e.g., shift work) was associated with increased risk of MS (29, 30) . We examined this in relation to farming and found no statistically significant association with FCD; however, our ability to detect age-specific occupational effects could have been limited by the sample size.
One particular strength of this study is that we were able to take into account the different parity profiles of women in different occupations. Of particular interest is the confounding effect of number of children and/or parity in the associations between FCD and farming. Thus, the decreased FCD risk associated with high parity (7) masks the increased risk associated with farming/livestock in unadjusted analyses. This is important and may explain null findings in previous examinations of farming or livestock exposure in MS risk. Women residing in rural and remote areas have more children than those in urban areas (capital cities) (31) . However, a differential response rate for persons residing in rural/ remote areas versus those residing in urban areas (resulting in selection bias) cannot explain this association with farming, because in this case, controls were matched to cases' region of residence (1).
Flodin et al. (23) reported an increased risk of MS among women (but not men) exposed to dogs and caged birds. In a small study using friends as controls, Sullivan et al. (19) found no association between MS and exposure to dogs but found a 5-fold increase in MS risk with exposure to horses before age 6 years (P < 0.001) and a decreased MS risk with exposure to dairy cattle in the teenage years (P < 0.05). With the exception of a positive association with livestock (cows, horses, sheep, pigs, or ≥50 birds), we found no significant association between FCD and specific farm animals or pets (including dogs or birds) overall or in sex-specific analyses. Several infections have been linked to MS risk (32, 33) , and one plausible biological pathway would involve increased exposure to infectious (viral or bacterial) agents transmitted by livestock.
These principal findings should be considered in the context of the methodological features of the study. Strengths included the large study sample and the recruitment of cases following a first clinical presentation for demyelination rather than following the diagnosis of MS. This design was chosen to minimize the bias associated with disease-related changes in behavior and occupation (34) . The cases in this study are being further followed up to examine how these factors relate not only to the initial risk of an FCD but conversion into clinically definite MS over the subsequent decade. However, since these data are not yet available, we cannot comment on this aspect. Information was collected through face-to-face interviews using a comprehensive questionnaire with a work-and-residence calendar to assist recall of relevant events. The work-andresidence calendar was sent to participants and completed before the interview to facilitate accurate recall of their occupational history and their contact with animals during each year of their lives. The use of occupational title as the main proxy measure for potential exposure is not ideal but was preferred here because of its amenability to ready recall. Our results may be affected by a certain amount of misclassification of occupation, since it is often difficult to classify occupations accurately, particularly when using broad groups. Nevertheless, there is no reason to believe that misclassification was systematically different between cases and controls. It is also important to highlight that only a small proportion of controls reported exposure to some of the risk factors studied (e.g., 11% were farmers, 5% were exposed to radiation or electricity), decreasing the power to detect significant differences between cases and controls. Nonetheless, we observed a 3-fold increased risk for women who had worked as farmers for 6 or more years.
One potential weakness is that the control participation rate was 60%. This resulted in controls being more highly educated and of higher socioeconomic status (SES) than the general population (34). Higher education and higher SES are associated with lower parity (31) ; that was also apparent among controls in this study (lower education as a proxy for SES was inversely correlated with the participant's number of children). This raises the issue of whether the smaller family size associated with higher-SES controls (35) could have contributed to our findings. However, this is unlikely, as our previous work indicates that despite this, FCD cases had fewer, not more, offspring than controls, and further, this pattern was not evident among men; SES influences should not have been highly sex-specific (7) . Women who are farmers have more children (31) , so when there is no adjustment for parity, the protective effect of parity "dilutes" the association with farming. It is only after adjustment for the confounding effect of parity/number of children that the strong associations between FCD and farming are revealed.
To date, there has been limited support for a possible role of various work-related factors (e.g., organic solvents (14-16), metals (17) , ionizing radiation (18) , and farm animals (16, 19, 20) ) in the development of MS. Because MS is a complex multifactorial disease, it is important that we measure and evaluate whether these exposures are associated with an increase in MS risk. We did not conduct adjustment for multiple comparisons because although this reduces the likelihood of type I error, it increases the likelihood of type II error (36) . We have used epidemiologic analysis to assist the assessment of whether an association has causal features (36) and to exclude noncausal explanations, such as confounding (37) . Nevertheless, we acknowledge that chance must be considered when interpreting the results.
Our study suggests that farming and exposure to livestock may be important in the development of FCD (and FDE; data not shown here) among women. However, before firm conclusions are drawn, these associations should be confirmed in another setting. Studies that include a greater number of male participants will need to be performed to investigate the possibility of similar associations among men. Most importantly, we have shown for the first time that parity and/or number of children is an important confounder of the association between FCD (and FDE) and occupational exposure, particularly in farming. In view of these results, in future studies, researchers investigating occupational exposure and MS should collect information about parity and number of children and adjust results accordingly.
